The chemical composition of the essential oil obtained by hydrodistillation of the whole plant of Centella asiatica (L.) Urb., growing wild in western Himalaya, was investigated by GC-FID and GC-MS on two columns of different polarities. The oil contained 73.3% of sesquiterpene hydrocarbons, comprised mainly of β-caryophyllene (23.2%), α-humulene (23.1%), trans-β-farnesene (6.3%), germacrene-D (5.4%) and caryophyllene oxide (3.3%).
and germacrene-D (16.0%) as the major constituents [17] . The steam-distilled volatiles obtained from Sri Lankan collected material has been reported to contain α-copaene (14.0%), β-caryophyllene (12.0%), α-humulene (9.0%) and trans-β-farnesene (5.0%) as major constituents [18] . Malaysian steam distilled oil from the aerial parts of the plant was found to be dominated by α-humulene (33.7%), β-caryophyllene (26.8%) and germacrene-D (10.0%) [19] .
The hydrodistilled volatiles from Bangladeshi oil contain α-caryophyllene (23.93%), β-caryophyllene (20.33%), germacrene-D (6.02%), β-elemene (4.71%) and β-farnesene (4.45%) [20] . Apiol (4.49%) was reported for the first time from Bangladeshi oil [20] . The essential oil from South Africa was found to contain β-caryophyllene (19.08%), α-humulene (21.06%) and bicyclogermacrene (11.22%) as the major constituents [21] . Although the chemical composition of the essential oils of C. asiatica from various countries is well documented, there has been no detailed report on the essential oil composition of C. asiatica from India. We, therefore, report here the chemical constituents of the volatile oils of C. asiatica from the western Himalayan region of India. The oil isolated by hydrodistillation of the fresh whole plant of C. asiatica was found to be pale yellow colored and was obtained in a yield of 0.03% (v/w). Forty-four compounds were identified in the essential oil of C. asiatica, representing 81.2% of the oil, and comprised of mono-and sesquiterpene hydrocarbons, which accounted for 6.3% and 73.3%, respectively. The chemical composition of the oil was confirmed by analysis using two different polarity columns i.e. HP-5MS and Innowax; the percentages and RI values of the characterized compounds are given in Table 1 . The components are listed in order of their elution from the HP-5 MS column. The volatile oil was dominated by sesquiterpene hydrocarbons, namely β-caryophyllene (23.2%), α-humulene (23.1%), trans-β-farnesene (6.3%) and germacrene-D (5.4%).
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There are marked differences between the oil composition found in the present investigation and previously reported data [17] [18] [19] [20] [21] . Although the oil composition reported from different countries is dominated by sesquiterpene hydrocarbons, their chemistry differs considerably. Similar to our report, α-humulene and β-caryophyllene were reported as the main sesquiterpenes in the oil from Malaysia (33.7 and 26.8%) [19] and South Africa (21.06 and 19.08%) [21] . There has been no detection of α-humulene in the essential oil of C. asiatica from Japan and Bangladesh [17, 20] , but this compound was reported in the oils from Sri Lanka (9.0%) [18] , Malaysia (33.7%) [19] , South Africa (21.06%) [21] and that used in the present study (23.1%). Germacrene-D (16.0%) and trans-β-farnesene (17.7%) were also reported as the main sesquiterpenes from Japanese Centella oil [17] , whereas germacrene-D and trans-β-farnesene were not detected in Sri Lankan and South African Centella oils, respectively [18, 21] . However, in the present report both germacrene-D and trans-βfarnesene were detected in 5.4% and 6.3% yields, respectively. A comparative statement of major sesquiterpene hydrocarbons reported from different countries is given in Table 2 . Monoterpene hydrocarbons have also been reported from C. asiatica oils, although in lower concentrations. In our analysis, compounds with a concentration greater than 1% were identified. Amongst the major constituents of this class were α-pinene (1.4%), β-myrecene (1.1%) and p-cymene (1.3%).
The non-similarity of the chemical composition observed may be due to the existence of different chemotypes of the plant species or to the period, season and part of the harvesting plant. Analysis of the oil: GC analysis was carried out using a 6890 series gas chromatograph (Agilent Technologies, USA) equipped with a HP-5 column (30 m × 0.25 mm, 0.25 μm film thickness) and flame ionization detector (FID), with N 2 as the carrier gas at a flow rate of 1.2 mL/min and a split ratio of 1:100.
The oven temperature was programmed as follows: initially at 50ºC for 1 minute, rising at 4ºC /min to 240ºC and from 240ºC to 270ºC at 15ºC /min, and then held isothermal for 15 min. at 270ºC. Injector and detector temperatures were held at 280ºC. GC-MS analyses were carried out using a 6890 series gas chromatograph (Agilent Technologies, USA), interfaced with a 5973 Network MSD, Agilent Technologies, USA mass spectrometer, operating on EI mode at 70 eV, with an ion source temperature of 230 0 C. The GC was equipped with a HP-5 MS capillary column (30 m × 0.25 mm, 0.25 μm film thickness) from Agilent, USA, with helium as the carrier gas, a flow rate of 1.0 mL/min. and split ratio of 1:100. Oven, injector and detector temperatures were programmed the same as under GC. The oil was also examined using an Innowax capillary column (30 m × 0.32 mm, 0.25 μm film thickness) from Agilent, USA using the same GC-MS, with helium as the carrier gas at a flow rate of 1.9 mL/min. and a split ratio of 1:100. The oven temperature was programmed as follows: initially at 50ºC for 1 minute, rising at 4 0 C/min to 240ºC and from 240ºC to 250ºC at 15ºC /min, and then held isothermal (15 min.) at 250ºC. Injector and detector temperatures were held at 255º and 280ºC, respectively. The constituents were identified by comparison of their retention indices with literature values, and their mass spectral data with those from mass spectral databases and the literature [22] [23] [24] [25] .
